
Salni AsIIIal

‘I’clcc.()]lil] lil]licitli()l) syslcins of s]mccuafl 011floe]) sihacc Illissiol]s also flliw. [ionas
itlstl (It IwIIts fot Radio Scicimc cxpcu iinctlts. Ra(iio sc.ictltists [Ililim lhc tclccc)lllllllltlic~itio]l
Iillks lx4wccII slmuw dfl aII(l litiI [II 10 cxatllitlc wy sIIIall cJIdIIp,csit~IIIC})lI:Isc/fI c(]IIcIIcy,

aln]di(u(lc, at I(l/(Jt ]mlal izaliotl of ladio sig,tlals 10 ilivcsli~’,alca lIost ofl)llysicfil 1)1Ic.IIoiIIclIa
ill lIICsoltil syslcin. Scwval Illissiolls au{g]wt~td llw ]adio c(~]]llllllllic.titi(~]lsys[cII} will] dlI
lIlli a- slal)lc osc.illatt)l ([ 1S(1) ii] oldcd to l)lovidc a IIip,lllystal Ilc lcfct mm siy,nal fol ollc-
wdy dowlllillk ‘Illis coilfi~’,11]atioll is [Id in oldm 10 cmhlc lml[m iliI’csti{’,:lti(]llsof’ll)c

al IIm]kvcs ofllic l)lands oc.cxll(itlp,tllc Iitlc-ofsi{l,ld to llIc sl)accu tifl; olIc -way
c(~l~llll~]l~ic:lli(~llwas Icquild ald tlw llallsl]oldcts” I)llilt-il] atlxilialy cwcilltitols woe
Ilcilhcl sufliciullly stab]c tmt slwcflally ]wlc fot the occ.ulttitiotl cxpctiltm]ts. Sitlcc Rtidio
Sc.imm iilsll (Imcntatio]] is disti ihltc.{1lwlwccII the sjmc.cclaf] ald ttw [I,lm]nd stations, Ilw
i)cq) Space Ndwolk (llSN) is als(I cq[lil)l)cd to lilllc[ioll as a w)ilrl-c.lass itlslttlittctd fo]

I{a(iio Sciclm lcswlclI, 1:01 a dclailcd acmLll Il 01 I{ddio Sciuw.c cx]w.tilll(:ll[s,

ll~ctllocic)l{)g,y’, kcy clisc.ovct its, at]d tlw I )Sh”s Ilistmiwl Cont[ilnltiol) 10 tlw field, sw
ASIIIaI aIKl I{ov.c[li ( 1993), ‘1’JIctm)ls of Radio Scium CaIIIw aIId IIaw also lKCIIutilimd
ii] add Icssillf!,scwu dl Illissiol) cll{’,ilml il]y,cl Iallcl IjI,cs; c,p,., clIalac[cl ixalioll of slmc(’cldf’i
Iwtalic)li alId aiIol IIalmls IIiotio]], atdclitlfi c.alil)ialiotls, atd c(~tlil~ll]l]ic:ltiotlsdlllil~p, slllf’dcc
Iaidinf’, plmsm.

Sit~cc llIc ftl sl qLIat 17,[JS() was ilowII olI \~(Jya~I,cl,tllc Id)llol(y’,y IIas a(lvallccd

si}~,ilificatltly,afll~](litl[~,flltlll c]llissi~)lls Ilig,iwdswlsifivity it] tcc:{)tlslillclitl{J,tl)ctcll]J lcriltlllc-
l)lcssllt clllc)filcs{ ~f`tl~catIl]c)s])l~c]cslll](iei sl[l(ly~ts~~fcllas(~tllct l)llysictil ])llcil(~lllcil:l(if’
itllclcst to Radio Scium. ‘Illis I)apci sll]~’u~’stllctlctl(is itl stabiiity atl(i siwtlai i)llli[y
im foI mancr, [icsi:},nc.hatadcl istic.s il]cill(iili~’,si7c aII(i IIIass, as ~~zcilascost fiII(illislot_y of
liwsc clocks ill slmcc.



Scicnw ovcrvimv:

AIIINJStmm y dcq) sptiw missio]~ C.OIICIUCIMIs[lumsf~]l Radio Scic.tlw cxjwt ill~c]lts, wllidl
aic Iyl)ic. allydividd in Iwo dasscx: piopfi~~,alionslid cclcs[ifil tnmhat~ics A! ~~,tavilatiotl,

I cwlli[]p, il}lmtd] ds ofjoutjlal Iml)lic-.alions. l{xanijdcs of tlmw exlwi illlmils ill~ludc:
I)lanclaty alIIlosl}lIcl ic.Ictll]w alutc-j)lcswl c ]Ilofilcs ald iollosj)lml ic cc)lll]~ositio]l,”
sll IIcJulc (JfldalIctaly Iil]p,s, ]JlaiIclfily p,ltivitatiolml fields, slialws, atl(i lIIasscs, plal Iclfily
sul Fdcc clmt adcl islic.s, wild plofiks, l))ti~:tlclicfic.ids, clcc.llol I cotItcII[ 2111(1scilllillaliotl ill
sola I CWIOIKIHIIdsola I wil](i, ]IHISSflux ald pal Iiclc disfl ilmtioll of Collwts, sctild] fol
p,lal’italiotkal Iddialioil, p,ldvitatiolml Idsliifl, aid ldalivistic. Iimo( iday Cx]mliilwdlts.
Staldc oIIc-wIy dowllillk is msmltial 10 1)1~)])tiy,atiollCxlwl itlmlls, tilllioul’11swcxal aslwls
catl h tiuomplislwl viti two-way colIclctIt litlks, hs wdl as to Icdsllifl aIId wind ])tofilc
Cxl)clillicl]ls. 11]addilion 10 llw CO1llJJldd Cxlwillwll[s 10 dale (c.$’,, Malilml(s),
l’iolmu(s), \~oyag,ct (s), (ialilw. 1Jlyssm, Map,cllalI, clc. ), llIci c tile il~]]ml lalIl ]}lalIIIcd

mlmilllcllls olI u]mlllinp, ]]]issio]ls (c,{’,.,(kssini-] lLIyp,ctIsIllissiotl 10 Sal IIII~aII(l ‘1’ilai]),

and possil~lc f(llurc cxpcv immts wit]) inissions it) llIc plat~llinp,sta[~,cs(c, [I,., l’l[Ito 1Ix1)IMS,
I{osd[a, IIisc.ovcty Il]issiolls, d(,), l;OI ti lis[, SK ASIIMt atd 1lct Ic1a ( 1995).

‘1’tmdm]ml!s of Ilw insll unmtalioll lequit cd fot Ctlp,inwi illp,ilt)l~lell]c]llali(~llol)-boat d n
spacw.tafl with Rfidio Scicum cxlm illlcllls as ]ml[ of Illc lnissio]~ obicclivcs vat y ill
Coli)l)lcxily dcpctdiilgr, [m llIc soj)llis[icatioll oflhc Cxlmillwllls. ‘1’lmyillcludc lIaIISlKJIIdCIS
(wl]icll aI;: availal)]c OII cvuy (Iccj) s]mcc IIlissioll altlI(w@I S(JIIIC Illissioils lmvc c.()]widcic(l

tI alwcivu s), at I at[i[udc mlllI(d ssslcIII tlIal ])lovi(lcs fol a “quid” Sj)acl!clafl, all (Jllla -

Slal)lc os~illatolj ttanslhlors llml alc ncdd fi)r cohciclIt Ilansmissioll ofsi{’,imls not usul
hy tlK pti]llaly tIanslN)ldu (C,{I,.,Ka-batId fh llIc (kssi[li Il]issiotl), fitld ul)lillk sigiml
I)l[)cmsillg, qllipnie.]11 fb] plop(~sd Ilj)lillk ]adio occultfitiot~ cxlwl ill]cllts.

\Yilll this it]sll[llt~cillalic]ll, llIe filldal]mlal litl]ils otI scnsilivily oftlw Cli(l-to-cl]d syslcl II
alc {hc f’lcquctwy s[abili[y, alnl)liludc slal)ili~y, sip,lltil10 noise Iatio, acmIIacy ill
Iwonstt uding navip,atiol] It ajwtol-iml and ]Idia pt opagat ion Mtids. ‘1’IICfi Cqucx]cy
sttil)ility (~ftllc L)IIc-way Iillk is Iyl]ically lilllitul [)y IIK l)~lrblllldll~~oftllc [JS(J. -

IIIII;I Stalk Oscillators:

‘1’lK“llltt a-s[al)lc” class of oscillators Imve bccII flowI OIIVoya~),cI 1 atd 11, (ialilco
ol[)iiu, (ialilco I)tlk, h4als obscI vu, all(i h4ats (ilol)al SUIVCWI. ‘1’I]csclIa\rClWCII
q{latlx uyslal ]csonatms. ‘1’hc(:assit}i sl)ac.m.lafl will ctil Iy aIIollIcI quat 17,[ IS() atd Iwo
l{ul)idillmi lJSos fbl the 1l(lyp,ms l’lobe in s[lppm I of Ihc Ihpplcl Wind lix]wilnctlt.

‘1’IICIC ale l)lalls 10 fly (JSOS 011scvctal OIIKYfillll]c ]I]issions.



Ndcd 10 dimitlatc IIICtime Iwcdcd l)y I]K tlat~s]mdct to ]ock-ull oil t]lc ul]]illk dIItiiIg all
ocmltation cgtms as WCIIas the mdia cffcd OHthe uplink, lJS(k bccmnc the heat 1of the
Rtidio Scicncc ins[l umcllt at iml on-board t Im s])acm.1all. QLIal[z 0 ystal Icsonatols,
]clalivcly slnhll in mass, VOIUIIIC,and power, lmvc km casim 10 “space-quali[y>’ that
almic docks. “J’hcIatlct alc also bcilig, cotlsi(iucd fo] space flig,lll

‘Ih (1S() tcchnolq’,y can bc dividd ill tlmc dcsipjl ciasscs:

1. \~oya[J,cI (;lass: includes Voyap,m 1 ald 11ad (ialilco otbilcd
7 h4ms (~lass: ]Idudcs IVlals (NwcIvcI, MHIS(ilol)al Sutvcyol, aIKi (~assilli
3. l’luto (:lass
4, 1luygcms Class
$, (;a[i{co ]’I{)I)C(;lass

III tlIc fil S( class, five identical units wwc pi ocuIcd at the salnc tilnc, two flew 011tllc
Voyagcls, onc oil (ialilc.o, aid two were spares. II] the sc.cond class, a flip,lll utlit titd H
spat c wu c pmcurd, onc flew ot] h4ats {)bscrver- atd tk 1(!-fill bishcd spat c flew 011h4ais
(il(~lltll SUIvcyol. A flip,llt unit ad a spalc of a simila] dc.sigll wtis Iatci ])IOCUICXIfo] tlm
(:assini mission. ID the thid class, a nc.w “tactical Il\~A” dcsip,il is I)loposccl fht flip,ld 011

lhc l’lulo lkpmss mission; if shows si}’,i)ific.ald lcduc(ion ill mass and sim without
conlpi omisinp, Ihc pu k)l mncc dcmoiIst IHid by the N4am class.

‘1’IK 1lNy&cIIs Rubidium lJS(h were chosen over quar[7 duc to the mwl fo] a Vcl-yslm i
wat 11]-ui)lilnc ad less stl ingcnt Io]lg,-lcuII) sta[)ilily. “1’hc(ialilco l)lobc [JSOS I]ad silliilal
t cquil cllmlts but d]oscn 10 k qual-lz osc.illato]s; ilm]flicicllt (l(~c.l]ll]cl]tati(~l]is available on
tlwll] 11)the case of both pldws (1luyp,cns ad (ialilco IJlobc), onc (JSO was oll tlm
ptobc as pal [ of its ttansmitlw Chain (c.[’,., tlw 1I(]yg,c.t]s‘1’(JSO) atd second idc]ltical ll]lit

was on tllc olbitcr ((uassilli atd (ialilco) as pat 1of the tcc.civing cjhaill of the otbitet si[:aal
(c.g,., 1Iuyg,cns I<[JS()).

‘1’hcattadmi tabulal sutnl~~aiy ofthc (Il(la Stab]c Oscillator technology lists scvcil
oscillators aid scvcml kcy patalnctc.is chat actcrizing tlmn, such as mass, six, powci,
pcv(b]mallc,c ]ncasutd b~~Anal] deviation, ])hasc ]misc, dlifi ]atcs, ctlvitol}limtl[al
pcrfh] mancc, dc, ‘1’1]0cost estimates sic, in solilc cases, odcm in mag,nitu(ic an{i at c
meant to iiiustlafc tk relative costs only (in those ycat do]lats). A(i(iitimal cost
itlfo][natioll catl bc obtainc(i ftolti imssil)ic pt ovi(ims.

it] a(i(iition to scl ving as a historical summaly fo] intcwslcxi mallap,cls, sc.ic]ltists, atl(i
cngilmds, the taldc has two key at cas to tmtc. ‘1’ilcfiist is the majc~l in]i~]ovclnc.]lt ill tllc
stabiiity bctwcct] the \~oyap,cr atl(i h4tits class osciiiato]s - at] ot(icr of]na[’,nit(lcic ill Aliall
(icviat ion ‘1’hcsccomi area is the sigllificfit]t lllil}iatllt-izati(~l]pIoposcxi fc}]lhc l’luto class
osciilalol”.



1 tlIaIA(i{)l’dol)Wood and Cat olc 1Iamill on (.ld l’mpulsicm 1.alm at 01y) Mike 1lil d
([ Jnivcmity oflkmn), anti IIavicl Atkinson (1.lnivcusity ofldaho) ad Mat-y (;hiu and Jim
(:l(~ctei}(Jll(lA]~l~licdl 'l~ysicsl. al~()lat()l}')fcJltt~cvalllal~lcii~f (~ll~~alic~l~]~lc~vi(lccl. ‘1’IIc
work dcsc,titd hcrewascalticd out at thcJct l)lop]lsiol] l,abotatoly, (~alifblnia ]nstitutc
ofrl’cdmology, undct contract withthcNatim~al Ammallticsatd S]~acc Acltl~iilisttfitio]].
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1993.



.

Ultra Stable Oscillator Technology Information Summary
I

Sami Asrnar, JPL, 8 November 7996 I

IDeep Space Mission Voyager Gah’eo Mars Observer Cassini Pluto Huygens Galileo Probe ~

I’vlaker F,~q,EleC~.[PC Freq. E!ect. Inc APL APL APL DASA, Germany yug%s cowact!

Year 1975 1975 1987 ‘1~~cJ 1994 1993 “ ?975

Cost/Unit ($K for that year) 55 55 250 300 500

\Type of Quartz Crystal Cut AT AT Sc SC Sc Rubidium Sc
INumber’ of Ovens 2 2 1 1 1 2 2 I

!
Mass (kg) “.1 1.1 :.3 2 G,32 2.’! ?

steady-stat power Consul. (w) 2.2 2.2 2.2 2.8 0.8 70.’4 -1 1

Dimensions (cm LxWXHor DxL) ?0.2X’ 9.5 ?O.2x~S.5 ‘0.2xI 0.2x16.8 10.2xJ2.8x? 9.4 5.3x5 .9x9.7 17x’4.9xl’l.8 Z1.fjxld j

Resonator Frequency (MHz) 5.38 5.38 4.79 4.79 -70 5835 4.6 1

Nominal Outwt Frea. (MHz) ?9. !37 “9.125 :9.144 :74.977 38.2S2 10.00 23.717 ~
I

Assigned Deep Space Channel :8 14 20 23 75 23 nlz :

USO-refer. Downlink Bands s, x s, x x S, X, Ka X, (Ka) s ~.387 GHz /

Drift Rate (Hz/see) -1.3 e-7 -?.5 e-7 2.3 e -6 not wai! not avail 2 e-7 2 e-7

lAaina/24 Hr 7 I

+

Long Term Aging /5 yrs 2 e-7 2 e-7 le-7 ‘e-6 not avail 4e-fj >

Temperature (/deg C) 5 e-12 5 e-12 3e-?2 2 e-72 1 e-12 Ae-?z Se-lz ]

Radiation (/rad) 2 e-12 2~-72 1 e-10 ! e-10 I ~-lo 2e-T4 2 e-13 ~

~gnetic %spt. (/Gauss) 5e-T2 5e-T2 8 e-13 5 e-13 2e-?2 5~-71 4e-q2 I

IStatic Acceleration (/a) le-9 ‘e-9 32-9 :.5!?-9 7 e-9 I

\Phase Noise 100 Hz -?18 -:20 (-1 27) 110 7

IPhase Noise ~ kHz -138 -138 -13! -125 (-? 32) -120 ? I
AlIan Dev. 0.1 sec (2 e-l!] (2 e-??) 2e-T2 ~~-lz 1 e-?2 6e-1~ ? I
A! Ian Dev. ? see 3 e-~’ 3e-~1 3 e-13 2 e-13 3e-”3 ‘g-!l 5 e-12 :

AlIan Dev. ‘1O see
—

Ae-?2 Ae-”2 +CJ.”s ! ~-73 19-73 5 e-12 7 I

A! Ian Dev. T00 sec Ie-lz ‘ e-’2 ?e -13 “e-13 le -’3 “e-12 ?

IAlIan Dev. 1000 sec le -12 2e -’3 ‘ e-12


